rather than computing devices and technical issues. The systems should be able to be context-aware, meaning that they are able to adapt their operations to the current clinical context without explicit user intervention. Thus, this technology has great potential to increase usability and effectiveness by taking environmental context into account.
Introduction
With the new IEEE standard family for service oriented device communication (SDC) of biomedical devices [1], a number of innovative medical support functions are enabled. During the German Flagship project OR.NET, the new vendor and device independent interoperability standards were developed and internationally standardized. The open integration of biomedical technology allows for the automatic retrieval and distribution of procedure related information in the operating room [2] . It paves the way for context-aware medical technology and pervasive computing in the OR to support the medical and nursing staff.
The term 'pervasive' refers to the seamless integration of devices into the users everyday life and was introduced by Weiser [3] . Applications in the OR should vanish into background to make the user and his tasks the central focus
Recommendations on context-aware systems design
Different studies illustrate that even if context awareness is an attractive proposition, one must be careful when using such application [6] . The system must remain intelligible. Humans have complex motivations which lead to unpredictable behaviours. Context-aware systems that inferring human intent and mediating between people, without intelligibility and accountability, could be problematic. For instance, system issues were described for location-dependent information presentation, where clinical operators became confused or even annoyed by the automatic adaptation of information on the screen to their physical site [7] . Other authors describe three levels of interactivity with context-awareness [8] : personalization, passive context awareness, and active context-awareness. It has been argued that "users are willing to accept a large degree of autonomy from applications as long as the application's usefulness is greater than the cost of limited control" [8] . Additionally, people invent new conventions through new tools. Generally it is recommended to use contextual information defensively to avoid an incorrect behaviour, which may bear severe risks in clinical applications, instead of enforcing a correct behaviour [6] .
Applications in surgery
We discuss three important fields of application of contextawareness technologies in surgery that are promising starting points an evolution of integrated operating rooms to intelligent surgical working environments.
Context-awareness for user-interface navigation in the operating room
Context-awareness has been described to be beneficial for user-interface navigation [9] . Clinicians need to admit a huge amount of data throughout their work days. This amount of data ranges from medical charts, medical schemas, radiological images, medical records, nursing records, etc. Additionally, clinicians have to pay attention to and treat several patients in parallel. That implies a complex handling and rotation in using many different medical records. Consequently, they need to know how to find and access related medical information in a specific situation and they need to navigate to this information. Furthermore, if the computer would know this context, it could navigate to the relevant data and information automatically. Using contextawareness for assessing large information repositories with structured medical data was described to be a strong clinical function and is already used in several places in the contextaware electronic patient record (EPR) systems [9] .
Context-awareness to suggest courses of action
Context-awareness enables also the suggestion of courses of action. Detecting context information is generally uncertain and reasoning based this uncertain information can decrease the benefit of context-awareness, e.g. if a clinician tries to find relevant information for a patient and the current situation is misclassified. This will result in an annoying experience for the clinical user. A prevention strategy is to permit context-aware applications to respond automatically to its context changes. Consequently, suggestions for different procedure courses of action can be delivered to the user in a less-intrusive way. Exemplarily, an context-aware OR system could suggest two strategies to the clinical user: (a) it suggests the course of action from the recent similar patient or (b) it passively documents the current steps of the user. For this applications, a clinical user can decide to accept any or none of these suggestions [10] .
Context-awareness for intraoperative automation
Intraoperatively, data from dedicated sensors as well as device states and measurements, which become widely accessible through open OR integration, are expected to be the major source of information for the determination of context. Noise and uncertainty are intrinsic in these data streams. Consequently, any technical system that attempts to provide or act on contextual information needs to cope with uncertainty. For general agent-based systems, Poole and Mackworth expressed it that way: "the uncertainty is epistemological -pertaining to an agent's knowledge of the world -rather than ontological -how the world is" [11, p. 219 (6.1)]. Autonomous decision making under uncertainty about the particular operational context is common to agent-based systems.
The intrinsic uncertainty of operational context tends to be a crucial factor in the design and in the use of applications with higher levels of automation and active contextawareness. The risk management, and especially the severity of potential harm caused by autonomous actions of biomedical devices, frames the applicability of contextawareness concepts. Thus, recent research efforts mainly focus on supportive tasks, such as case-specific preconfiguration of biomedical devices [12] , automation of intraoperative selection of appropriate display configurations [13, 14] , or documentation. So far, only preliminary studies on prototype implementations have been published for various application settings including biomedical technology [15, 16, 12, 17] .
In structured interviews, which we conducted during the evaluation of the OR.NET demonstrator [12] , experienced clinicians also commented on automation of supportive tasks. Besides the SDC integration features, the initial case-specific pre-configuration of medical devices, the context-aware automation of display configuration and of adaptation of OR light conditions, and an automated toggle of the endoscopic light source were demonstrated in a realistic setting. Three senior ear-nose-throat (ENT) surgeons, two ENT assistants, two experienced heart surgeons, a senior anaesthesiologist, and two scrub nurses participated in the interviews.
The participants agreed that automation of such supportive tasks is valuable and would help to streamline work processes. Depending on the surgical use case, a reduction of the complexity of interaction with the biomedical technology may be achieved. Robustness, intelligible behaviour, preoperative configurability, and the opportunity to manually override automated actions were frequently mentioned as desired features of future contextaware active assistance technology.
Both, users and research communities, begin to recognize the potential benefits of context-aware biomedical technology. However, neither the technological basis nor the fields of application have yet been sufficiently explored.
Discussion
The accessibility of biomedical device data and control functionalities in a syntactic and semantically interoperable manner, is a crucial pre-requisite for context-aware biomedical systems. The open SDC integration is an enabling technology for an evolution from device networking to intelligent clinical working environments. It paves the way to access biomedical device data and to the use of sensor signal inputs to model, to interpret, and to understand contextual information. These inputs provide the technological base for context-aware medical technology. The conducted qualitative evaluations indicate that, these technologies have the potential to be well received and beneficial for the clinical users.
However, many important issues are still not addressed in this context. Methodological issues, such as best practices and common standards for the internal representation of clinical and surgical contexts or approaches for an effective integration of contextual information with medical systems' and applications' states, need to be studied. Yet, ontologies [18] [19] [20] , process models [21, 22] , or hierarchical structuring [23] have been proposed to model aspects of contexts in surgery. Experiments with machine-learning methods [24, 25] have been conducted, but the relevant data structures and the universal algorithms still need to be identified.
Besides that, technological issues arise. For instance, the syntactic and semantically structured representation, the storage and the distribution of contextual information need to be specified. In general, suitable design paradigm must be identified for distributed, context-aware medical systems. There will be a minimal set of services a networked environment needs to provide in order to make contextawareness feasible. In turn, context-aware biomedical technology will need a fall-back strategy, in case of missing contextual services.
Context-awareness for a clinical environment cannot be realized by a stand-alone system but demands a highly interconnected technical environment, where each biomedical device provides data and can profit from contextual information shared by others. An implementation in daily clinical routine will require novel strategies for the indispensable risk management and regulatory approval.
Overall, a broad set of open research questions need to be addressed to empower context-aware medical systems to be a relief and not a burden for the clinical user. 
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